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US 7,392,864 B2 
1. 

SLIP SPOOL ASSEMBLY AND METHOD OF 
USING SAME 

FIELD OF THE INVENTION 
5 

The present invention relates to slip assemblies and, in 
particular, to a slip spool used to selectively support or Snub a 
tubing string during a live well operation. 

BACKGROUND OF THE INVENTION 10 

In the oil industry, slips have been essential components of 
oil field drilling and servicing equipment for many years. 
Conventional manual slips are sets of heavy hinged blocks 
with gripping dies that are positioned in a slip bowl of a rotary 
table to engage a drill pipe, casing or production tubing. 
Angled Surfaces in each slip block mate with complementary 
Surfaces in the slip bowl. The complementary Surfaces cause 
axial forces exerted by the weight of the pipe on the gripping 
dies to be transferred into lateral gripping pressure on the 
pipe, which Supports the pipe and thus prevents it from drop 
ping into the well when a free end of the pipe is released for 
any reason. 
As is well known in the art, conventional slips are often 

manually engaged by oil field personnel who physically 
maneuver the slips into the slip bowl so that they slide into 
engagement with the casing or drill pipe. The slips are disen 
gaged by upward axial movement of the casing, drill pipe, or 
production tubing to take the weight off the slips. The slips are 
then lifted out of the slip bowl. An example of such conven 
tional slips is described in U.S. Pat. No. 4,244,093, which is 
entitled TUBING SLIPPULLING TOOL and issued to Klin 
gensmith on Jan. 13, 1981. 

There is an ever-increasing demand for obtaining more oil 
and gas from existing wells. After a primary recovery term of 
a well has elapsed, some form of reworking is required to 
remove residual oil and/or gas from the well. Usually in 
reworking those wells, such as in preparation for a well Stimu 
lation process, the tubing string must be removed from the 
well or pulled up for attachment of wellhead tools, and then 
lowered again to insert the wellhead tools through the well 
head. During such operations, the tubing string is typically 
secured by slips. It is therefore necessary to remove and set 
the slips in preparation for a well stimulation process. Con 
sequently, slips are not only frequently used during well drill 
ing and completion; they are also required equipment for well 
re-completion, servicing and workover. 

However, manual handling of slips can be dangerous and 
time-consuming. Accordingly, hydraulically powered equip 
ment has been introduced for positioning slips. An example of 
a hydraulically operated slip assembly used to grip pipe as it 
is being run into or pulled from a well is described in U.S. Pat. 
No. 5,027,926 entitled SLIPASSEMBLY, which issued to 
Cox on Jul. 2, 1991. However, Cox does not provide any 
pressure containment. 

There is therefore a need for a slip spool that facilitates the 
setting and resetting of a tubing string in a live well bore. 

SUMMARY OF THE INVENTION 
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An object of the invention is to provide a slip spool that 60 
facilitates the task of positioning and repositioning a tubing 
string in a live well bore. The slip spool includes a mecha 
nism, for example hydraulic actuators, for both radially dis 
placing and axially displacing the slip blocks, thereby 
enabling the slip spool to selectively grip and release the 
tubing string, while providing full bore access to the well 
bore. 
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2 
The invention therefore provides a slip spool for selectively 

Supporting a tubing string Suspended in a well bore. The slip 
spool includes a slip spool adapted to be mounted to a well 
head, the slip spool having an axial passage that is aligned 
with the well bore for permitting the tubing string to extend 
there through, and at least two opposed radial passages 
extending through a side wall of the slip spool and commu 
nicating with the axial passage. The slip spool also includes at 
least two opposed slip block assemblies slidably supported 
within the respective opposed radial passages. The slip spool 
further includes a mechanism for radially moving the respec 
tive slip block assemblies between a loose encirclement posi 
tion in which the slip block assemblies loosely surround the 
tubing string and a cached position in which the slip block 
assemblies clear the axial passage of the slip spool as well as 
a mechanism for axially moving the slip block assemblies 
from the loose encirclement position in which the slip block 
assemblies loosely surround the tubing string to a gripping 
position in which the slip block assemblies are seated within 
a slip bowl of the slip spool and a weight of the suspended 
tubing string forces the slip block assemblies into engage 
ment with the tubing string to Support the tubing String in the 
well bore. 
The invention further provides a method for selectively 

Supporting a tubing string Suspended in a well bore during a 
well operation. The method includes the steps of mounting a 
slip spool to a top of a wellhead of a well by aligning an axial 
passage of the slip spool with the well bore, the axial passage 
being in fluid communication with at least two radial pas 
sages; radially displacing slip blocks within the radial pas 
sages of the slip spool using a radial actuation mechanism 
having a radial range of motion sufficient to displace the slip 
blocks between a loose encirclement position in which the 
slip blocks loosely Surround the tubing string and a cached 
position in which the slip blocks clear the axial passage of the 
spool; and axially displacing the slip blocks within the axial 
passage of the slip spool using an axial actuation mechanism 
having an axial range of motion Sufficient to displace the slip 
blocks between the loose encirclement position and an 
engaged position in which the slip blocks are seated within a 
slip bowl of the slip spool. 

Other advantages and features of the invention will be 
better understood with reference to preferred embodiments of 
the invention described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Having thus generally described the nature of the inven 
tion, reference will now be made to the accompanying draw 
ings, showing by way of illustration the preferred embodi 
ments thereof, in which: 
FIG.1a is a front elevational view of one embodiment of a 

slip spool in accordance with the invention; 
FIG.1b is a front elevational view of another embodiment 

of a slip spool in accordance with the invention; 
FIG. 2 is a cross-sectional view of a slip spool body of the 

slip spool shown in FIG. 1; 
FIG.3 is a partially exploded view of the slip spool shown 

in FIG. 1a, 
FIG. 4 is an isometric perspective view of slip block and 

actuating arm Subassembly, showing a transverse T-slot and a 
longitudinal slot in the actuating arm for decoupling radial 
and axial movement of the slip blocks; 

FIG. 5 is an exploded view of the subassembly shown in 
FIG. 4; 

FIG. 6 is an isometric perspective view of the slip blocks in 
a retracted position; 
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FIG. 7 is an isometric perspective view of the slip blocks in 
a disengaged encirclement position; 

FIG. 8 is an isometric perspective view of the slip blocks in 
an engaged gripping position after being lowered into the slip 
bowl; 

FIG. 9 is a top plan view of slip blocks having pipe guides 
in accordance with one embodiment of the invention; 

FIG. 10 is an isometric perspective view, as viewed from 
below, of one of the slip block assemblies having upper and 
lower pipe guides in accordance with an embodiment of the 
invention; 

FIG. 11 is an isometric perspective view of a slip assembly 
tool having a radially ribbed, circular slip Support plate for use 
in changing slips without having to remove the slip spool 
from the wellhead stack; 

FIG. 12 is a cross-sectional view of the slip spool shown in 
FIGS. 1-10 illustrating one way in which the slip assembly 
tool shown in FIG. 11 may be used to change worn or dam 
aged slips; and 

FIG. 13 is a cross-sectional view of a radial actuator in 
accordance with the invention, to show how a well pressure 
balance is achieved across the radial actuator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In general, and as will be explained below, a slip spool for 
Supporting a tubing String in a wellbore includes radially 
disposed actuators for radially moving slip blocks between a 
disengaged encirclement position in which they surround the 
tubing string and a cached position in which the slip blocks 
clear an axial passage of the slip spool. The slip spool further 
includes axial actuators for axially displacing the slip blocks 
between an upper, disengaged encirclement position and a 
lower, engaged position in which the slip blocks are seated 
within a slip bowl of the slip spool and a weight of the 
encircled tubing string causes the slip blocks to tightly grip 
the tubing string to Support it. The slip spool facilitates posi 
tioning and repositioning of the tubing string in a live well 
bore and thus expedites well servicing operations. 

FIG. 1a is a front elevation view of a slip spool 10 in 
accordance with one embodiment of the invention. The slip 
spool 10 includes a slip spool body 20, a mechanism, e.g. 
radial actuators 100, for radially displacing the slip blocks, as 
will be described in more detail below, relative to the slip 
spool body 20, and a mechanism, e.g. axial actuators 200, for 
axially displacing the slip blocks relative to the slip body 20. 
Accordingly, the slip spool 10 includes two orthogonal sets of 
actuators for displacing the slip blocks over a limited range of 
movement in both the radial and axial directions. The radial 
and axial actuators permitan operator to selectively Support a 
tubing string 12 in a live well bore. 

FIG.1b is a front elevational view of another embodiment 
of a slip spool 10 in accordance with the invention. The slip 
spool 10 shown in FIG. 1b is identical in all respects to the 
embodiment shown in FIG. 1a, with the exception that the 
slip body 20 is rectangular in cross-section for increased 
pressure resistance. Consequently, this embodiment of the 
slip spool 10 can be used for high-pressure applications 
where working pressures are likely to exceed 3,000 psi. In all 
other respects the embodiments shown in FIGS. 1a and 1b are 
identical and in the explanation that follows, the slip spool 10 
refers to both embodiments and FIG. 1 refers inclusively to 
both FIGS. 1a and 1b. 

The slip spool body 20 is illustrated in greater detail in the 
cross-sectional view shown in FIG. 2. The slip spool body 20 
has an axial passage 22 which is aligned with a wellbore and 
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4 
which provides full-bore access when the slip spool is 
mounted to a wellhead, as described in Applicant's U.S. Pat. 
No. 6,695,064 entitled SLIP SPOOL AND METHOD OF 
USING SAME which issued Feb. 24, 2004 and which is 
hereby incorporated by reference. 
As shown in FIG. 2, the slip spool 10 includes at least two 

radial passages 24 that extend through the side walls of the 
slip spool body 20 and communicate with the axial passage 
22. As will be described in greater detail below, slip actuator 
arms are slidably Supported in the respective radial passages. 
The slip spool body 20 also includes a slip cache cavity 26 to 
permit the slips to clear the axial passage 22 when retracted to 
a cached position, in order to provide the full-bore access to 
the well. Below the slip cache cavity is a funnel-shaped slip 
bowl 28 into which the slip blocks are lowered in an engaged 
position in which they tightly grip the tubing string, as will be 
explained below. 
As further shown in FIG. 2, the slip spool body 20 includes 

a bottom flange 30 having a plurality of equidistantly spaced 
bores 32 dimensioned to receive flange bolts (not shown) for 
securing the slip spool body 20 to a top of another spool. Such 
as a blowout preventer (BOP) or the like. The bottom flange 
30 also includes an annular groove 34 for receiving a metal 
ring gasket (not shown) for providing a fluid-tight seal 
between the bottom flange 30 and any other flanged compo 
nent to which it is mounted. 

The slip spool body 20 also includes a stud pad 36 at a top 
of the slip spool body. The stud pad 36 includes a plurality of 
equidistantly spaced, tapped bores 38 for receiving “studs' 
(not shown) for mounting another spool, Bowen union, 
adapter or other component to the top of the slip spool body 
20. The stud pad 36 also includes an annular groove 40 for 
receiving a metal ring gasket (not shown) for providing a 
fluid-tight seal between the top of the slip spool body 20 and 
any other component mounted thereto. 
As further shown in FIG. 2, the slip spool body 20 includes 

a pair of opposed side flanges 50 Surrounding each of the 
radial passages 24. The side flanges 50 each include a plural 
ity of equidistantly spaced bores 52 which are tapped to 
receive and engage studs or other threaded fasteners (not 
shown). Each of the side flanges 50 also includes an annular 
groove 54 for receiving an annular sealing element (not 
shown) for providing a fluid-tight seal between the side 
flanges 50 and respective end plates that will be described 
below. The slip spool body 20 also includes a pair of spaced 
apart, axially aligned bores 60 intersecting the respective 
radial passages 24, the bores 60 being dimensioned to receive 
the respective axial actuators 200. 

FIG.3 illustrates an elevational, partially exploded view of 
the slip spool 10. As shown in FIG.3, the radial actuators 100 
are connected to the slip spool body 20 by end plates 62 that 
are secured to respective side flanges 50 of the slip spool body 
20 by a plurality of stud fasteners 64. The radial actuators 100 
are mounted in sockets 66 in the end plates 62. The radial 
actuators radially displace a pair of opposed slip blockassem 
blies 70, 80 relative to the slip spool body 20. Likewise, the 
axial actuators 200 are mounted within the bores 60 shown in 
FIG. 2 for axially displacing the slip block assemblies 70, 80 
relative to the slip spool body 20. 
As will be explained below, each slip block assembly 70, 

80 includes at least one slip block but preferably includes a 
plurality of interconnected slip blocks shaped to fit Snugly 
within the slip bowl 28 shown in FIG. 2. As will also be 
explained below, the slip blocks of the opposed slip block 
assemblies 70, 80 encircle and grip the tubing string 12 to 
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suspend the tubing string 12 in a live well bore and this 
facilitate positioning and repositioning of the tubing string 12 
in the live well bore. 
As shown in FIG. 3, each of the radial actuators 100 

includes a hydraulic cylinder that includes parts 66,112 that 
operate under hydraulic pressure to displace a piston 102 and 
an associated piston rod 104 (FIG. 4) that are in turn con 
nected to one of the opposed slip block assemblies 70, 80. 
Each radial actuator 100 includes an indicator rod 110 that is 
connected to the piston on a side opposite the piston rod and 
is displaced by movement of the piston 102 and piston rod 
104. The indicator rod 110 is partially protected by a protec 
tive shroud 114. Connected to the protective shroud 114 is a 
flanged end cap 118 having an oblong aperture 116 for view 
ing a position of the indicator rod 110. The end cap 118 
includes an inwardly facing flange having a plurality of bores 
dimensioned to receive fasteners 120 for detachably securing 
the flanged end cap 118 to the protective shroud 114. The 
flanged end cap 118 is thus fixed with respect to the end plate 
62 by part 112. The oblong aperture 116 in the flanged endcap 
118 is dimensioned to correspond to a range of travel of each 
radial actuator 100. Gradations or other marks can be 
inscribed on the end cap 118 above or below the oblong 
aperture 116 in order to indicate the displacement of the slip 
blocks relative to the axial centerline or relative to tubing 
strings of various diameters. The indicator rods can therefore 
be used to verify that the slip blocks are in gripping contact 
with a given diameter of a tubing string. 
As further shown in FIG.3, each of the axial actuators 200 

(or “lift actuators') includes a hydraulic cylinder 202 with an 
end cap 204. An upper end 205 of each hydraulic cylinder 202 
is received within lower bores 60 of the slip spool body 20 
shown in FIG. 2. Each axial actuator 200 includes an elbow 
206 for monitoring pressure leaks. Under hydraulic pressure 
introduced through a hydraulic port (not shown) in a bottom 
end of each hydraulic cylinder 202, a piston 208 serves as a 
lift rod having a flange 210. The flanges 210 engage a pair of 
slip control arms 90 respectively connected to the slip block 
assemblies 70, 80, as will be explained below. Each axial 
actuator 200 also includes a lift rod centralizer and seal Sup 
port 212 and a flanged lift indicator cover 214 that is housed 
within an upper bore 60 of the slip spool body 20 shown in 
FIG. 2. Protruding from the top of each axial actuator is a lift 
indicator rod 216 which provides a visual indication of the 
axial (or vertical) displacement of the slip blocks relative to 
the slip spool body 20. Gradations or other markings can be 
inscribed on the lift indicator rods 216 in order to facilitate the 
task of monitoring movement of the slip blocks 70.80. 
As illustrated in FIG. 4, each of the two opposed radial 

actuators 100 (FIG.3) drives a piston rod 104 affixed to an end 
plate 106 that slides within a transverse T-slot 92 in each of the 
slip control arms 90. Each slip control arm 90 also has an 
internal longitudinal slot 94 through which extends a lift rod 
208 of one of the axial actuators 200. The T-slots 92 and the 
longitudinal slots 94 effectively decouple axial and radial 
movement so that the radial actuators can be operated inde 
pendently of the axial actuators, and vice versa. The slip 
blocks can thus be displaced radially over a limited range of 
movement delimited by a length of the longitudinal slot 94. 
Similarly, the slip blocks 70.80 can be displaced axially 
within a limited range of movement limited by the vertical 
play within the radial passages 24. Consequently, the axial 
actuator 200 and radial actuators 100 are independently oper 
able within respective limited ranges of motion to permit the 
slip blocks to be moved into and out of the slip bowl 28. 
As will be readily appreciated by those skilled in the art, the 

mechanism 100 for radially moving the slip block assemblies 
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6 
and the mechanism 200 for axially moving the slip block 
assemblies need not be hydraulic cylinders. For example, 
mechanical screws can be used, as was described in Appli 
cant's U.S. Pat. No. 6,695,064. Alternatively, the mechanism 
for radially moving the slip block assemblies may be pneu 
matic actuators, while the means for radially moving the slip 
block assemblies can be either hydraulic actuators or 
mechanical Screws. 

FIG. 5 is an exploded view of the slip control arms 90 and 
slip block assemblies 70, 80 shown in FIG. 4. As shown in 
FIGS. 4 and 5, each of the opposed slip block assemblies 70. 
80 includes three segmented, articulated slip blocks that come 
together in the slip bowl 28 to form a 360-degree slip capable 
of Supporting a tubing string. 
As best shown in FIG. 5, in one embodiment a first slip 

block assembly 70 includes three, wedge-shaped slip blocks 
72, 74, 76. A pair of side slip blocks 72, 76 are loosely 
connected to opposite sides of the center slip block 74. In one 
embodiment, the center slip block 74 is integrally formed 
with the slip control arm 90 at an end opposite the T-slot 92. 
The side slip blocks 72 and 76 are moveably connected to the 
center slip block by interlock bars 73,75. The first interlock 
bar 73 fits loosely within slots 72a and 74a while the second 
interlock bar 75 fits loosely within slots 74c and 76a. A 
retainer plate 88 (cover plate) is received in a T-slot in a top of 
each slip block 74 and retained in the T-slot by a threaded 
fastener 89, which engages threads in a tapped bore 74b. 
Corresponding retainer plates 88 are received in T-slots in a 
top surface of slip blocks 72 and 76. The retainer plates 88 
retain the interlock bars 73, 75 within their respective adja 
cent slots to provide an articulated slip block assembly 70. 

Similarly, the second slip block assembly 80 includes three 
wedge-shaped slip blocks 82,84, 86. The center slip block 84 
is loosely connected to the adjoining side slip blocks 82 and 
86 by interlock bars 83 and 85, respectively. The third inter 
lock bar 83 fits loosely within slots 82a and 84a while the 
fourth interlockbar 85 fits loosely within slots 84c and 86a. A 
retainer plate 88 is secured to each of the three slip blocks 82. 
84, 86 by respective threaded fasteners 89, which engage 
threads in tapped bores 82b, 84b, and 86b. The retainer plates 
88 retain the interlock bars within their slots so that the slip 
blocks 82, 84, 86 are loosely interconnected. As will be 
explained below, loose interconnection of adjoining slip 
blocks enables the slip blocks to first loosely encircle a tubing 
string and then to grip the tubing string as the slip blocks seat 
tightly into the slip bowl 28. 

FIGS. 6 to 8 illustrate the operation of the slip spool. As 
shown in FIG. 6, the opposed slip block assemblies 70, 80 are 
in a retracted position in which the slips clear the axial pas 
sage to provide full-bore access to the well through the axial 
passage. When actuated, the radial actuators 100 move the 
slip block assemblies 70, 80 into a loose encirclement posi 
tion shown in FIG. 7. Finally, as shown in FIG. 8, the axial 
actuators 200 lower the slip block assemblies 70, 80 into the 
slip bowl 28. The weight of the tubing string 12 causes the slip 
block assemblies 70, 80 to slide downwardly into the con 
verging space in the slip bowl 28, which forces the slip block 
assemblies 70, 80 to tightly grip the tubing string 12 and 
suspend it in the well bore. To remove the tubing string 12 
from the slip blocks, the weight of the tubing string 12 is 
Supported by rig, or the like, to release the slip block assem 
blies 70, 80. The axial actuators 200 are then operated to lift 
the slip blocks out of the slip bowl 28 to the loose encircle 
ment position shown in FIG. 7. The slip blocks 70, 80 are then 
moved out of the central passage 22 by operating the radial 
actuators 100 to retract the slip block assemblies 70, 80 to the 
cached position. 
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This slip spool 10 can be utilized for any one of variously 
sized tubing strings by simply replacing the slip block assem 
blies 70, 80 with assemblies that accommodate the diameter 
of the tubing. For example, the slip block assemblies 70, 80 
described above could be used for 4.5" tubing string. For a 
Smaller tubing string, Such as 2.38" tubing, it is advantageous 
to employ slip blocks having pipe guides to guide the tubing 
toward a center of the axial passage. Were the tubing to be 
substantially misaligned when the slip block assemblies 70. 
80 are moved to the loose encircling position, the tubing could 
be deformed or damaged. 

Accordingly, as shown in FIGS.9 and 10, first tubing guide 
300, second tubing guide 320, third tubing guide 330 and 
fourth tubing guide 340 are provided to guide a small tubing 
string 12 toward a center of the axial passage as the slip block 
assemblies 70, 80 are moved towards each other. In one 
embodiment, as shown in FIG. 9, the first tubing guide 300 
extends from an exposed face of the side slip 82 while the 
tubing guide 320 extends from an exposed face of the side slip 
76. 
As illustrated in FIG. 10, the slip block assemblies include 

the pair of upper tubing guides, e.g. top tubing plates 330 and 
340, and the pair of lower tubing guides, e.g. bottom tubing 
guides 300 and 320. For the sake of clarity, only one of the two 
slip block assemblies is shown in FIG. 10. The first slip block 
assembly 70 has a top tubing guide 340 that extends from a 
top of the side slip 72 and a bottom tubing guide 300 that 
extends from the face of the other side slip 76. When the slip 
blocks are closed, the tubing guides 300,320 are received in 
corresponding slots in the opposite slip block assembly 80 
(not shown in this figure). 
As shown in FIG.10, when the slip blockassemblies 70, 80 

are in the loose encirclement of the engaged position, the top 
tubing guide 330 of the opposite slip blockassembly 80 slides 
over a top 335 in the side slip 76. Likewise, when the slips are 
in those positions, the bottom tubing guide 300 of the oppo 
site slip block assembly 80 is received in a correspondingly 
shaped slot 365 midway up the face of the side slip 72. When 
the slip block assemblies 70, 80 are moved toward the loose 
encirclement position and Surround the tubing string 12, the 
guide plates urge the tubing string toward the center of the 
axial passage. Then, as the slip blocks close around the tubing 
string 12, the guide plates slide into the corresponding slots in 
the slip blocks, as described above. 
Abottom surface 370 of the slip blocks may include one or 

more radial grooves 372 that cooperate with a complimenta 
rily ribbed slip support of a slip assembly tool 400, such as the 
tool illustrated in FIG. 11. The slip assembly tool 400 has a 
stem 402 connected to a slip support 410. The slip support 410 
has a plurality of radial ribs 412 that are respectively dimen 
sioned to fit in the radial grooves 372 of the slip block assem 
blies 70, 80. The slip assembly tool 400 permits a field crew 
to change the slip block assemblies 70, 80 without having to 
remove the slip spool from the wellhead stack, if required. 
Slips are typically changed when damagedora different sized 
tubing string needs to be supported. As will be appreciated by 
those skilled in the art, changing slips can be a difficult and 
time-consuming task, generally requiring removal of the slip 
spool from the stack. The slip spool 10 and slip assembly tool 
400 in accordance with the present invention therefore facili 
tate the changing of the slip assemblies 70, 80, which thus 
reduces maintenance expense. 

To replace the slips, the slip block assemblies 70, 80 are 
first retracted from the axial passage to permit the slip assem 
bly tool 400 to be inserted down the axial passage 22 of the 
slip spool 10 until the slip support 410 is positioned beneath 
the slip bowl 28. The slips are closed over the slip assembly 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
tool and surround the stem of the tool. The tool is then rotated 
until the radial ribs 412 of the slip support 410 are seated 
within the radial grooves 372 of the slip blocks 72, 74,76, 82, 
84, 86. As illustrated in FIG. 12, one of the slip control arms 
90 is then retracted and the other slip control arm 90 is 
lowered to place the slip assembly 70 into the slip bowl. The 
retainer plates 88 over the interlock bars are then discon 
nected and removed through the handlebore as shown in FIG. 
12, thus exposing the interlock bars. The side slips 72, 76 can 
then be lifted through the radial passage using the slip assem 
bly tool 400 to support the side slips and first retracting the 
center slip 74. New slips can be inserted through the radial 
passage using the slip assembly tool 400 to Support each slip 
as it is inserted. The slip assembly 70 can be reassembled in an 
opposite sequence. 

In one embodiment of the slip spool 10 in accordance with 
the invention, the radial actuators 100 are configured to 
dynamically pressure-balance with existing well pressure. 
This permits smaller radial actuators 100 to be used since they 
are not working against well pressure. The axial actuators 202 
are pressure-balanced due to identical sealing elements both 
above and below the radial passages 24 of the slip spool body 
20. Since the lift rods 208 extend through the radial passages 
24, lifting loads on those actuators are independent of 
changes in well pressure. 
As illustrated in FIG. 13, the radial actuators 100 are pres 

sure-balanced by “porting well pressure behind (i.e. outward 
of) the piston 102 of each radial actuator 100. As shown in 
FIG. 13, well pressure is "ported via a longitudinal bore 103 
through the piston rod 104 and most of the length of the piston 
102. The bore 103 ports well pressure via a piston port 107 
that forms an oblique passage 107a in fluid communication 
with an annular gap 109 between the end cap and the annular, 
radially outward face of the piston 102. The well pressure in 
gap 109 acts on an annular Surface having an area equal to a 
cross-sectional area of the piston 102, minus across-sectional 
area of the indicator rod 110. This radially inward force is 
counterbalanced by a radially outward force due to the well 
pressure acting on an inner annular end of the piston rod 104 
which is sized to have Substantially the same cross-sectional 
area. This ensures that the radial actuators 100 operate inde 
pendently of changes in well pressure and that relatively 
small (or low-pressure) hydraulic cylinders 112, which 
include Sockets 66, can be used to provide the actuating force, 
i.e. the radial actuators 100 need not work against well pres 
sure in the slip spool body 20. The piston 102 is reciprocated 
by hydraulic fluid injected through a first hydraulic port 126 
into a first chamber 122 on an outer side of the piston and 
through a second hydraulic port 127 (FIG. 8) into a second 
chamber 124 on an inner side of the piston. In one embodi 
ment of the invention, a pressure test port 128 is monitored to 
detect any leakage of well pressure from the annular gap 109 
past a fluid seal 132 and any leakage of hydraulic fluid from 
the first chamber 122 past a fluid seal 130. In one embodi 
ment, the end plate 62 also includes a pressure-test port 111 
that is monitored to detect a failure of fluid-tight seals 134, 
136 between the piston rod and the end plate 62. The fluid seal 
134 retains hydraulic fluid in the second chamber 124 in front 
of the piston 102, and the fluid seal 136 inhibits well pressure 
from migrating from the axial passage 22. 

Although the invention has been principally described with 
reference to operations in which slips are required to Support 
the weight of a tubular string in a well bore, which is the most 
commonly encountered condition in well servicing, it should 
be understood that the apparatus in accordance with the 
invention can be readily inverted in a well control stack and 
used as a Snubbing unit in a down hole well servicing opera 
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tion. Alternatively, two slip spools 10 can be mounted back 
to-back in a well control stack, with one in an inverted orien 
tation, to provide both Snubbing and Supporting a tubing 
string during a well servicing operation. The slip spool 10 can 
also be used in various other applications required for selec 
tively supporting or Snubbing a tubing string Suspended in a 
live well bore. 
The embodiments of the invention described above should 

be understood to be exemplary only. Modifications and 
improvements to those embodiments of the invention may 
become apparent to those skilled in the art. The foregoing 
description is intended to be exemplary rather than limiting. 
The scope of the invention is therefore intended to be limited 
solely by the scope of the appended claims. 
We claim: 
1. A slip spool for selectively supporting or Snubbing a 

tubing string Suspended in a wellbore under pressure, the slip 
spool comprising: 

a slip spool body adapted to be mounted to a wellhead, the 
slip spool body having an axial passage that is aligned 
with the wellbore for permitting the tubing string to 
extend therethrough, at least two opposed radial pas 
Sages extending through a side wall of the slip spool and 
communicating with the axial passage, and a slip bowl 
formed in a bottom of the axial passage; 

at least two opposed slip block assemblies slidably Sup 
ported within the respective opposed radial passages and 
movable from a cached position in which the slip block 
assemblies clear the axial passage and an engaged posi 
tion in which the slip block assemblies are seated in the 
slip bowl; and 

mechanisms that displace the respective slip block assem 
blies from the cached position to the engaged position, 
and from the engaged position to the cached position. 

2. The slip spool as claimed in claim 1 wherein the mecha 
nisms that displace the respective slip block assemblies com 
prise: 

mechanisms that radially displace the respective slip block 
assemblies between the cached position and a loose 
encirclement position in which the slip block assemblies 
Surround the tubing string; and 

mechanisms that axially displace the slip block assemblies 
from the loose encirclement position to the engaged 
position in which the slip block assemblies are seated 
within the slip bowl. 

3. The slip spool as claimed in claim 2 wherein the mecha 
nisms that radially displace the at least two slip block assem 
blies comprise at least two horizontally disposed hydraulic 
actuators mounted to the slip spool body and connected to the 
respective slip block assemblies. 

4. The slip spool as claimed in claim 3 wherein the mecha 
nisms that axially displace the slip block assemblies comprise 
at least two vertically disposed hydraulic actuators mounted 
to the slip spool and connected to the respective slip block 
assemblies. 

5. The slip spool as claimed in claim 4 wherein the slip 
block assemblies further comprise a pair of slotted actuating 
arms, each slotted actuating arm interconnecting a respective 
hydraulic actuator and a slip block assembly, the slotted actu 
ating arm including a vertical slot to permit the arm to move 
vertically relative to the horizontally disposed actuator and a 
longitudinal slot to permit the arm to move horizontally rela 
tive to the vertically disposed actuator. 

6. The slip spool as claimed in claim 5 wherein the vertical 
slot is a T-slot permitting the arm to slide vertically relative to 
a plate connected to a piston rod of eachhorizontally disposed 
actuator and wherein the longitudinal slot permits horizontal 
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10 
displacement of the arm relative to the vertically disposed 
actuator, which extends through the longitudinal slot. 

7. The slip spool as claimed in claim3 wherein the mecha 
nism that axially displaces the slip block assemblies further 
comprises an axial displacement indicator. 

8. The slip spool as claimed in claim 3 further comprising 
a fluid communications path for communicating well fluid to 
opposite sides of the hydraulic actuators that radially displace 
the respective slip block assemblies. 

9. The slip spool as claimed 8 wherein the fluid communi 
cations path comprises a hollow hydraulic cylinder rod con 
nected to a hydraulic piston having a hollow inner end, and a 
port through the hydraulic piston that provides fluid commu 
nication between the hollow inner end of the hydraulic piston 
and an annular gap located between an outer end of the 
hydraulic piston and a protective shroud that Surrounds the 
outer end of the hydraulic piston. 

10. The slip spool as claimed in claim 2 wherein each slip 
block assembly comprises a pipe guide extending peripher 
ally from a face of a slip block assembly and having an angled 
Surface for directing the tubing string toward a center of the 
axial passage as the slip block assemblies converge to the 
loose encirclement position. 

11. The slip spool as claimed in claim 10 wherein each slip 
block assembly comprises a slot that receives the pipe guide 
when the slip blockassemblies converge to the loose encircle 
ment position. 

12. The slip spool as claimed in claim 2 wherein the mecha 
nism that radially displaces the slip block assemblies further 
comprises a radial displacement indicator. 

13. The slip spool as claimed in claim 1 wherein each of the 
at least two slip block assemblies comprises a plurality of 
segmented, interconnected slip blocks and the at least two slip 
block assemblies together fully encircle the tubing string. 

14. The slip spool as claimed in claim 1 wherein each of the 
at least two slip block assemblies comprises three loosely 
interconnected wedge-shaped slip blocks that collectively 
form a frusta-conical assembly having a central passageway 
dimensioned to grip the tubing String when seated in the slip 
bowl. 

15. The slip spool as claimed in claim 1 wherein each of the 
at least two slip block assemblies comprises a wedge-shaped 
center slip and a pair of wedged-shaped side slips loosely 
connected to the center slip. 

16. The slip spool as claimed in claim 15 wherein the side 
slips are loosely connected to the center slip by interlock bars 
loosely fitted within slots in the slips. 

17. The slip spool as claimed in claim 16 further compris 
ing retainer plates connected to the slips for retaining the 
interlock bars within the slots in the slips. 

18. A method for selectively supporting a tubing string 
suspended in a wellbore of a well during a live well operation, 
the method comprising: 

mounting a slip spool to a wellhead of the well by aligning 
an axial passage of the slip spool with the well bore; 

displacing slip blocks within radial passages of the slip 
spool using a radial actuation mechanism having a radial 
range of movement sufficient to displace the slip blocks 
between a cached position in which the slip blocks clear 
the axial passage of the slip spool and a loose encircle 
ment position in which the slip blocks loosely surround 
the tubing string; and 

axially displacing the slip blocks within the axial passage 
of the slip spool using an axial actuation mechanism 
having an axial range of movement sufficient to displace 
the slip blocks between the loose encirclement position 
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and an engaged position in which the slip blocks are 20. The method as claimed in claim 18 comprising mount 
seated within a slip bowl of the slip spool. ing the slip spool in a first orientation for Supporting the 

19. The method as claimed in claim 18 wherein radially and tubing string, and mounting the slip spool in an opposite 
axially displacing the slip blocks are performed by operating orientation for Snubbing the tubing string. 
independently operable radially disposed hydraulic actuators 5 
and axially disposed hydraulic actuators. k . . . . 


